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A built-in self -test circuit including a signal generator and 
operational elements. The operational elements perform 
arithmetic operations on a test sjppal value A. generated hv 
the signal generator, to obtain a comparison signal value A- 
which is fundamentally equal to the test signal value" A of the 
signal generator. By comparing the test signal value A with 
the comparison signal value A, a test result is obtained. 
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BUILT-IN SELF-TEST APPARATUS (1) Since a BIST circuit has to be designed for each circuit 

to be tested, it requires effort for designing. 

(2) Depending on a design, a very large chip area is 

FIELD OF THE INVENTION required. 

The present invention relates to a test circuit to be built in 5 (3) There is no guarantee that a BIST for a random logic 

an electronic circuit formed on a semiconductor device, and circuit can Dave a ni g° failure detection ratio. 

a testine method using the circuit. „ 

5 * SUMMARY OF THE INVENTION 

BACKGROUND OF THE INVENTION iQ „ ^ an objecl of lhe inveQtion t0 provide a built _ m 
When there is no defect in a manufactured LSI, it is not seli-lest circuit and a test method capable of relatively easily 
neccssarv to carry out a manufacturing test (hereinbclow, carrying out a self-test with a simple circuit construction on 
simply called a test). In practice, however, some LSIs are lhe basis of predetermined arithmetic operations by opera- 
defective due to factors such as dusts during the manufac- ll0nal elements built in a semiconductor device, 
mre. 15 According to one aspect of this invention, in a built-in 
It is known that, when the cost of finding a defective LSI SQlUesl circuit,.an operational element is allowed to perform 
at a LSI level is taken to be 1 , the cost at a board level is 10, an arithmetic operation by a test signal generated by a signal 
thai at a system level is 100, and that at a field level is 1000. generator to obtain a signal value for comparison_which is 
., . r t . , . . , , . f . . ..... fun d am en , tally equal lo the test signal value of the signa l 

hrom lhe facts, it can be said that design for testability — 1 ,imf \I — . i. ■ « * j l T 

... . ' c • i . c j ■ / . e 20 generator, and a test result is obtained bv comparing the test 

considering tests from an initial stage ot design (stage ot h . .J \ . . . . f 1 ' ^"r^^ 

LSI) is important smnaLvalue and the signal value for comparison.^ 

... , , , t . ... According to another aspect of the invention, a built-in 

It is, however, hard to carry out a test on a sequential ,r . . ■ * l i ■ j . 

. . , . - . J . ., c . . j • self-test circuit carries out a test by applying a predeter- 

circuit since observation of the inside from the outside is . . t . . , * I 2 

difficult mmed test signal by a signal generator to two or more 

25 operational elements. The operational elements are allowed 

One of the conventional general methods satisfying the l0 perform arithmetic operations to obtain a signal value for 

requirement of the test is a method of forming a BIST (Built comparison which is fundamentally equal to the test signal 

In Self Test) circuit by scanning flip-flops (simply referred valuC) and a test resull ^ obtained by comparing the test 

to FFs hereinbelow) existing in a sequential circuit and signal value ^ lhe signal value for comparison. 

connecting a pattern generator and an expectation value 30 r ^ • .u u 1. * ir . * • • 1 

. . \u j • Further, in the built-in self-test circuit a signal generator 

comparator to the scanned circuit. ' . 1U - c . . j • 1 1 

r generates a signal having first and second signal values; an 

The scanning of the FF is to change lhe FF m the adder adds the first and second signal values generated from 

sequential circuit to a scanned FF. Specifically, a scan tune the signal gener ator; a subtracter subtracts the second signal 

is obtained by an external input pin (scan mode: SM). When value of the signal generalor from tne arithmetic operation 

a clock is added to a clock of an external input (scan clock: 35 resuh of the adder; and a comparator de rives a test result by 

T), the FF can be freely set to the FF for writing arbitrary comparing the arithmetic operation result of the subtracter 

data from the external input pin (scan in: SI). In the case of with the first sigQal value of the signal generator. 

a structure capable of monitoring an output of each FF from F Jn lhe a atof 

the external output pin (scan out: SO) that is, by replacing ^ a hay firs( and 

the FF with a scanned FF, observability and controllability 40 ^ * ^ ^ ^ g . ^ 

are increased to enable a test to be carried out. generaled from ^ sigQal generalQr ffom ^ Qlher yalue; ^ 

An example of a full scan will be shown concretely. A adder adds lne arithmetic operation result of the subtracter 

circuit as shown in FIG. 12 is changed to have the construe- and lhe otner one oF the first and second signal values from 

tion as shown in FIG. 13 to realize a full scan. ^ the signa j generator; and a comparator derives a test result 

A circuit having the construction of FIG. 14 is formed by by comparing the arithmetic operation result of the adder 

providing the scan circuit with a pattern generalor and an with one of lhe first and second signal values of the signal 

output value compressor. A tesi is carried out by outputting generator. 

compressed, values for all patterns from the pattern genera- According to still another aspect of the invention, a 

lor and monitoring whether the internal state changes $Q built-in self-test circuit carries out a tesi by applying a 

according to the expectation value by comparing the com- predetermined test signal by a signal generator to the two or 

pressed value and a prepared expectation value with a tester. . more operational elements. The operational elements are 

With respect to the scanning of a circuit, when a normal allowed to perform arithmetic operations to obtain an arith- 

FF (FIG. 15) is compared with a scan FF (FIG. 16), the scan metic operation result which is fundamentally equal to the 

FF has a more complicated structure and a larger area is 55 test signal value, and a test result is obtained by comparing 

accordingly required to realize the scan FF. The scan FF has the test signal value with the arithmetic operation result, 

drawbacks of a large chip area and a low operational speed. Further, in the built-in self-test circuit: a signal generator 

Further, in the conventional structure, a large number of generates a signal having a predetermined signal value; an 

expectation values have to be prepared for a test. Therefore, incrementer increments the signal value generated from the 

in order to form an expectation value comparator in a LSI, 30 signal generator; a decrementer decrements an output value 

a memory which stores a large number of expectation values of the incrementer; and a comparator derives a test result by 

has to be prepared inside or outside of the LSI. comparing an output value of the decrementer with a signal 

Though a method of developing a test method and a test value of the signal generator, 

circuit for each circuit to be tested to form a BIST without Further, in the built-in self-test circuit: a signal generator 

scanning FFs conventionally exists, there is no adequate 65 generates a signal having a predetermined signal value; a 

technique for the design of the BIST. Following are the decrementer decrements a signal value generated from the 

problems of the method. signal generator; an incrementer increments an output value 
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of the decrementer; and a comparator derives a test result by 
comparing an output value of the incrementer with a signal 
value of the signal generator. 

According to still another aspect of the invention, a 
built-in self -test circuit carries out a test by applying a 
predetermined test signal by a signal generator to two or 
more operational elements. The operational elements are 
allowed to perform arithmetic operations to obtain an arith- 
metic operation result which is fundamentally equal to the 
test signal value, and a test result is obtained by comparing 
the test signal value with the arithmetic operation result. 

Further, in the built-in self-test circuit: a signal generator 
generates a signal having first and second signal values; a 
multiplier multiplies the first and second signal values 
generated from the signal generator by each other; a divider 
divides the arithmetic operation result of the multiplier by 
one of the first and second signal values of the signal 
generator; and a comparator derives a test result by com- 
paring the arithmetic operation result of the divider with the 
other one of the first and second signal values of the signal 
generator. 

Further, in the built-in self-test circuit: a signal generator 
generates a signal having first and second signal values; a 
divider divides one of the first and second signal values 
generated from the signal generator by the other one; a 
multiplier multiplies the arithmetic operation result of the 
divider by the other one of the first and second signal values 
of the signal generator; and a comparator derives a test result 
by comparing the arithmetic operation result of the multi- 
plier with one of the first and second signal values of the 
signal generator. 

Further, in the built-in self- test circuit: an adder adds the 
same signal value as a predetermined signal value to the 
predetermined signal value; and an arithmetic circuit 
reduces an input value to the half. The adder and the 
arithmetic circuit are allowed to perform arithmetic opera- 
tions of which result is fundamentally equal to the signal 
value, and a test result is obtained by comparing the arith- 
metic operation result with the signal value. 

Further, in the built-in self- test circuit: an adder adds the 
same signal value as a signal value of a signal generator to 
the signal value; an arithmetic circuit receives the arithmetic 
operation result of the adder and reduces the input value to 
the half to obtain an arithmetic operation result fundamen- 
tally equal to the signal value of the signal generator; and a 
test result is obtained by comparing the arithmetic operation 
result of the arithmetic circuit with the signal value of the 
signal generator. 

Further, in the built-in self-test circuit: an arithmetic 
circuit receives a signal from a signal generator and reducing 
the input value to the half; an adder adds the same signal 
value as an output value of the arithmetic circuit to the 
output value and obtains an arithmetic operation result 
which is fundamentally equal to the signal value of the 
signal generator; and a lest result is obtained by comparing 
the arithmetic operation result of the adder with the signal 
value of the signal generator. 

Further, in the built-in self-test circuit: a complement 
generator receives a signal value of the signal generator and 
outputs a complement on the input value; a subtracter 
performs subtraction between the signal value of the signal 
generator and the output value of the complement generator; 
an arithmetic circuit receives an arithmetic operation result 
of the subtracter and reduces the input value to the half to 
obtain an arithmetic operation result which is fundamentally 
equal to the signal value of the signal generator; and a 
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comparator derives a test result by comparing the arithmetic 
operation result of the arithmetic circuit with the signal 
value of the signal generator. 

Further, in the built-in self-test circuit comprises: a mul- 

5 tiplier multiplies a signal value of the signal generator by a 
signal value "2"; an arithmetic circuit receives an arithmetic 
operation result of the multiplier and reduces the input value 
to the half to obtain an arithmetic operation result which is 
fundamentally equal to the signal value of the signal gen- 

io era tor; and a comparator derives a test result by comparing 
the arithmetic operation result of the arithmetic circuit with 
the signal value of the signal generator. 

Further, in the built-in self-test circuit: a divider divides a 
signal value of the signal generator by a signal value M V4 W ; 

35 an arithmetic circuit receives an arithmetic operation result 
of the divider and reduces the input value to the half to 
obtain an arithmetic operation result which is fundamentally 
equal to the signal value of the signal generator; and a 
comparator obtains a test result by comparing the arithmetic 

20 operation result of the arithmetic circuit with the signal 
value of the signal generator 

Further, in the built-in self-test circuit: a signal generator 
generates a signal having first and second signal values; an 
adder adds the first and second signal values generated from 

25 the signal generator; a complement generator receives the 
second signal value of the signal generator and outputs a 
complement on the input value; a subtracter subtracts the 
output value of the complement generator from the arith- 
metic operation result of the adder to obtain an arithmetic 
operation result which is fundamentally equal to the first 
signal value of the signal generator; and a comparator 
derives a test result by comparing the arithmetic operation 
result of the subtracter with the first signal value of the signal 

35 generator. 

According to still another aspect of the invention, a 
built-in self-test circuit carries out a test by applying a 
predetermined test signal by a signal generator to an opera- 
tional element. The operational element is allowed to per- 

40 form an arithmetic operation of which result is fundamen- 
tally equal to a predetermined value, and a test result is 
obtained by checking whether the arithmetic operation result 
is a predetermined value or not. 
According to still another aspect of the invention, a 

45 built-in self-test circuit carries out a test by applying a 
predetermined test signal by a signal generator to an opera- 
tional element. The operational element is allowed to per- 
form an arithmetic operation of which result is fundamen- 
tally zero, and a test result is obtained by checking whether 

50 the arithmetic operation result is zero or not. 

Further, in the built-in self-test circuit: a complement 
generator receives a signal value of the signal generator and 
outputs a complement on the input value; and an adder adds 
the signal value of the signal generator and an output value 

55 of the complement generator and performs an arithmetic 
operation of which result is fundamentally zero. In the 
circuit, a test result is obtained by checking whether the 
arithmetic operation result is zero or not. 

Further, in the built-in self-test circuit: a subtracter sub- 

60 tracts the same signal value as a signal value of the signal 
generator from the signal value of the signal generator so 
that an arithmetic operation result is fundamentally zero. In 
the circuit, a test result is obtained by checking whether the 
arithmetic operation result is zero or not. 

65 According to still another aspect of the invention, a 
built-in self- lest circuit carries out a test by applying a 
predetermined lest signal to the operational element. The 
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operational element is allowed to perform an arithmetic 
operation of which result is fundamentally equal to "1", and 
a test result is obtained by checking whether the arithmetic 
operation result is "1" or not. 

Further, in the built-in self -test circuit, two or more 
operational elements have a pipeline construction and shift 
registers of the number corresponding to the number of 
stages of the pipeline are provided. 

According to still another aspect of the invention, in a test 
method, a test is carried out by applying a predetermined test 
signal generated from a signal generator which is either built 
in a semiconductor device or prepared outside of the semi- 
conductor device to an operational element in the semicon- 
ductor device. Two or more operational elements are 
allowed to perform an arithmetic operation of which result 
is fundamentally equal to the test signal value, and a test 
result is obtained by comparing the test signal value with the 
arithmetic operation result. 

According to still another aspect of the invention, in a test 
method, a test is carried out by applying a predetermined test 
signal generated from a signal generator which is either buil t 
in a semiconductor device or prepared outside o f the semi- 
conductor device to an operational ete mepj in th c^ir n^oj- 
ductor device,. An operational element i s allowed to pftrfnnr] 
an arithmetic operation of which result is fundamentally 
equal to zero, and a test result is obtained by checking 
whether the arithmetic operation result is zero or not. 

According to a still another aspect of the invention, in a 
test method, a test is carried out by applying a predetermined 
test signal generated from a signal generator built in a 
semiconductor device to an operational element of the 
semiconductor device. An operational element is allowed to 
perform an arithmetic operation of which result is funda- 
mentally equal to "1", and a test result is obtained by 
checking whether the arithmetic operation result is "1" or 
not. 

Other objects and features of this invention will become 
apparent from the following description with reference to 
the accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram showing a construction of a test 
circuit according to a first embodiment of the invention. 

FIG. 2 is a block diagram showing a construction of the 
test circuit according to the first embodiment of the inven- 
tion. 

FIG. 3 is a block diagram showing a construction of the 
test circuit according to the first embodiment of the inven- 
tion. 

FIG. 4 is a block diagram showing a construction of the 
test circuit according to the first embodiment of the inven- 
tion. 

FIG. 5 is a block diagram showing a construction of a test 
circuit according to a second embodiment of the invention. 

FIG. 6 is a block diagram showing a construction of the 
test circuit according to the first embodiment of the inven- 
tion. 

FIG. 7 is a block diagram showing a construction of a test 
circuit according to the second embodiment of the invention. 

FIG. 8 is a block diagram showing a construction of the 
test circuit according to the first embodiment of the inven- 
tion. 

FIG. 9 is a block diagram showing a construction of the 
test circuit according to the first embodiment of the inven- 
tion. 



)1,271 Bl 

6 

FIG. 10 is a block diagram showing a construction of the 
test circuit according to the first embodiment of the inven- 
tion. 

FIG. 11 is a block diagram showing a construction of a 
5 test circuit according to a third embodiment of the invention. 
FIG. 12 is a block diagram showing the circuit construc- 
tion according to a conventional technique. 

FIG. 13 is a block diagram showing a construction of a 
30 full scan circuit according to a conventional technique. 
FIG. 14 is a block diagram showing a construction of the 
full scan circuit according to a conventional technique. 

FIG. 15 is a block diagram showing ihe construction of a 
FF according to a conventional technique. 
15 FIG. 16 is a block diagram showing the construction of a 
scan FF according to the conventional technique. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

20 Three embodiments of the invention will be explained 
hercinbclow. 

FIG. 1 is a circuit diagram showing a construction accord- 
ing to a first embodiment of the invention. 
?5 As shown in FIG. 1, a circuit comprises a signal generator 

1 which takes the form of a pattern generator which gener- 
ates a test signal A as an input signal to a test circuit, an adder 

2 and a subtracter 3 which are objects to be tested, and an 
expectation value comparator 4 which compares an output 

30 of the test circuits with an input pattern. 

The signal generator 1, adder 2, subtracter 3, and expec- 
tation value comparator 4 as components of a test circuit 
system are built in a semiconductor device such as a LSI. 
The signal generator 1 may be prepared outside of the 

35 semiconductor device. 

The adder 2 and the subtracter 3 are constructed as 
functional elements in a semiconductor device such as a LSI. 
The adder 2 and the subtracter 3 are connected to the signal 
generator 1 and are tested. 

40 The operation of the first embodiment will be described 
with reference to FIG. 1. 

A pattern input signal value A is supplied from the signal 
generator 1 to one of input terminals of the adder 2 and a 
pattern input signal value B is supplied to the other input 

45 terminal of the adder 2. 

An output value A+B is outputted from the output termi- 
nal of the adder 2 and is supplied to one of the input 
terminals of the subtracter 3 at the next stage. 

5Q A pattern input value B is supplied from the signal 
generator 1 to the other input terminal of the subtracter 3. 

As a result, the value A is outputted from the output 
terminal of the subtracter 3. 
The output signal value of the subtracter 3 is to be 

55 fundamentally equal to the test signal value A of the signal 
generator 1. By comparing the output with the signal value 
A from the signal generator 1 and confirming that the output 
and the signal value A are always equal to each other, a test 
is carried out to see whether the adder and the subtracter as 

60 components of the test circuit operate normally or not. 

A circuit shown in FIG. 1 comprises: the signal generator 
1 which generates the signal having first and second signal 
values A and B, and is built in the semiconductor device or 
prepared outside of the semiconductor device; the adder 2 

65 which adds the first and second signal values A and B from 
the signal generator 1; the subtracter 3 which subtracts the 
second signal value B of the signal generator 1 from the 
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calculation result A+B of the adder 2; and the expectation 
value comparator 4 which derives the test result by com- 
paring the signal value A for comparison that is a calculation 
result of the subtracter 3 with the test signal value A that is 
the first signal value of the signal generator 1. 

With the described configuration, a test can be conducted 
without scanning the circuit. Further, since circuits neces- 
sary for the test circuit are only the signal generator 1 and the 
expectation value comparator 4, the chip area can be reduced 
and the operational speed can be improved as compared with 
the case of scanning the circuit. 

Furthermore, since il is sufficient to monitor whether the 
results always coincide with each other or not, preparation 
of the expectation values by a calculator for analysis of the 
test result is not necessary. Therefore, the efforts for the 
preparation are reduced, and a device which stores the 
expectation values becomes unnecessary. 

Specifically, with a simple circuit construction and simple 
operation of allowing the operational elements 2 and 3 to 
perform an arithmetic operation on the test signal from the 
signal generator 1 and comparing the signal value A for 
comparison as a result of the arithmetic operation with the 
test signal value of the signal generator 1 by the expectation 
value comparator 4, an accurate test result can be obtained 
relatively easily without a special circuit construction and a 
special operation. 

Similar effects are also obtained when two or more adders 
and two or more subtracters of the embodiment are 
provided, that is, when the number of adders and subtracters 
is increased to (n). 

Even if the order of the adder 2 and the subtracter 3 shown 
in FIG. 1 is reversed, similar effects are obtained. 

According to this construction, a circuit comprises: a 
signal generator 1 which generates a signal having first and 
second signal values A and B and is built in a semiconductor 
device or prepared outside of the semiconductor device; a 
subtracter 3 which subtracts one A of the first and second 
signal values A and B generated by the signal generator 1 
from the other B; an adder 2 which adds the result A-B of 
the calculation of the subtracter 3 and other signal value B 
of the first and second signal values from the signal gen- 
erator 1; and an expectation value comparator 4 which 
derives the test result by comparing a signal value A for 
comparison that is a calculation result of the adder 2 with the 
test signal value A that is one of the first and second signal 
values of the signal generator 1. 

Similar effects are also obtained by replacing the adder 2 
and the subtracter 3 of the test circuit shown in FIG. 1 with 
an incrementer 5 and a decrementer 6 as shown in FIG. 2. 

According to this construction, a circuit comprises: the 
signal generator 1 which generates a predetermined signal 
value A, and is either built in a semiconductor device or 
prepared outside of the semiconductor device; the incre- 
menter 5 which increments the signal value A from the 
signal generator 1; the decrementer 6 which decrements an 
output value A+l of the incrementer 5; and the expectation 
value comparator 4 which derives the test result by com- 
paring the signal value for comparison that is an output value 
of the decrementer 6 with the test signal value A that is a 
signal value of the signal generator. 

Similar effects are obtained when the incrementer 5 and 
the decrementer 6 shown in FIG. 2 are arranged in the 
reverse order. 

According to this construction, a circuit comprises: the 
signal generator 1 which generates a predetermined signal 
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value A, and is either built in a semiconductor device or 
prepared outside of the semiconductor device; the decre- 
menter 6 which decrements the signal value A from the 
signal generator 1; the incrementer 5 which increments the 

5 output value A-l of the decrementer 6; and the expectation 
value comparator 4 which derives the test result by com- 
paring the signal value A for comparison that is an output 
value of the incrementer 5 with the test signal value A that 
is a signal value of the signal generator 1. 

30 Further, also by replacing the adder 2 and the subtracter 

3 of the test circuit shown in FIG. 1 with a multiplier 7 and 
a divider 8 as shown in FIG. 3, similar effects are obtained. 

According to this construction, as shown in FIG. 3, a 
circuit comprises: the signal generator 1 which generates a 

15 signal having first and second signal values A and B, and is 
either built in a semiconductor device or prepared outside of 
the semiconductor device; the multiplier 7 which multiplies 
the first and second signal values A and B from the signal 
generator 1 by each other; the divider 8 which divides the 

20 arithmetic operation result AxB of the multiplier 7 by the 
other one B of the first and second signal values of the signal 
generator 1; and the expectation value comparator 4 which 
derives the test result by comparing the signal value A for 
comparison that is an arithmetic operation result of the 

25 divider 8 with the test signal value A that is one of the first 
and second signal values of the signal generator 1. 

When the multiplier 7 and the divider 8 shown in FIG. 3 
arc arranged in the reverse order, similar effects are also 

3o obtained. 

According to this construction, a circuit comprises: the 
signal generator 1 which generates a signal having first and 
second signal values A and B, and is either built in a 
semiconductor device or prepared outside of the semicon- 

35 ductor device; the divider 8 which divides one A of the first 
and second signal values A and B generated from the signal 
generator 1 by the other signal value B; the multiplier 7 
which multiplies the arithmetic operation result A/B of the 
divider 8 by the other one B of the first and second signal 

40 values of the signal generator 1; and the expectation value 
comparator 4 which derives the test result by comparing the 
signal value A for comparison that is an arithmetic operation 
result of the multiplier 7 with the test signal value A that is 
one of the first and second signal values of the signal 

45 generator 1. 

Similar effects are also obtained by combining the adder 
and an arithmetic circuit which reduces an input value to the 
half as shown in FIG. 4. 
According to this construction, as shown in FIG. 4, a 

50 circuit comprises: the adder 2 which adds the same sig nal 
value as t he signal value A o f the signal generator 1 to the 
signal value A of the signal generator 1 either built in a 
semiconductor device or prepared outside of the semicon- 
ductor device; the .arithmetic circuit p w hich receives the 

55 arithmetic operation result A+A of the adder 2 an d reduces 
th eJnput value to the .half to obtain an arjthm f t ir "r^Miflp 
result which is fundamentally equal to the signal value A o f 
the signal generator 1; and the expectation value comparator 

4 which derives the test result by comparing the comparison 
60 signal value A that is an arithmetic operation result of the 

arithmetic circuit 9 with the test signal value A that is a 
signal value of the signal generator 1. 

Similar effects are also obtained by arranging the adder 2 
and the arithmetic circuit 9 which reduces the input value to 
65 the half the reverse inverse order as shown in FIG. 4. 

According to this construction, a circuit comprises: the 
arithmetic circuit 9 which receives the signal A from the 
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signal generator 1 either built in the semiconductor device or 
prepared on the outside of the semiconductor device and 
reduces the input value to the half; the adder 2 which adds 
the output val ue A/2_o f the arithmetic circuit 9 and the same 
signal value A/2 as the output value Afl to obtain an 
arithmetic operation result which is fundamentally equal to 
the signal value A of the signal generator 1; and the 
expectation value comparator 4 which derives the test result 
by comparing the comparison signal value A that is an 
arithmetic operation result of the adder 2 with the test signal 
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Generally, similar effects are also obtained by a construc- 
tion in which a circuit which outputs a value equal to an 
input value by combining arbitrary arithmetic units is con- 
nected to the comparator as shown in FIG. 10. 

According to this construction, as shown in FIG. 10, a 
circuit comprises: the signal generator 1 which generates a 
signal having first and second signal values A and B, which 
is either built in a semiconductor device or prepared outside 
of the semiconductor device; the adder 2 which adds the first 



value A that is a signal value of the signal generator 1. ^JP and second S1 g nals A and B from the sl S nal generator 1; the 

^Further, similar effects are obtained also by a construction complement generator 10 which receives the second signal 

in which the subtracter, a complement generator, and the value B of the sl S nal generator 1 and outputs the comple- 

ariihmetic circuit which reduces the input value to the half menl " B on ^ »nput value; the subtracter 3 which subtracts 

are connected as shown in FIG. 6. tne output value B of the complement generator 10 from the 

According to this construction, as shown in FIG. 6, a 15 arithmetic operation result A+B of the adder 1 to obtain the 

circuit comprises: a complement generator 10 which arithmetic operation result A which is fundamentally equal 

receives a signal value A of the signal generator 1 which is to the first signal value A of the signal generator 1; and the 

either built in a semiconductor device or prepared outside of expectation value comparator 4 which derives the test result 

the semiconductor device and outputs a complement -A on by comparing the signal value A for comparison that is an 

the input value; the subtracter 3 which subtracts the output 20 arithmetic operation result of the subtracter 3 with the test 

value -A of the complement generator 10 from the signal signal value A that is the first signal value of the signal 

value A of the signal generator 1; the arithmetic circuit 9 generator 1. 

which receives the arithmetic operation result A+A of the FIG. 5 is a circuit diagram showing a construction accord- 
subtracter 3 and reduces an input value to the haff to obtain • {Q a cmbodinienl of lhe inventioD . 
the arithmetic operation result A which is fundamentally 25 ' 

equal to the signal value A of the signal generator 1; and the ,n lhe drawing, a circuit comprises: the signal generator 1 

expectation value comparator 4 which derives the test result whlch lakes the form of a P altern generator which generates 

by comparing the comparison signal value A that is an tne tesl signal A as an input signal to a test circuit; the adder 

arithmetic operation result of the arithmetic circuit 9 with 2 which is a component of the test circuit and is an object to 

the test signal value A that is the signal value of the signal 30 be tested; the complement generator 10 which outputs the 

generator 1. complement on the input value; and the expectation value 

Further, by a construction of combining the multiplier and comparator 4 which compares an output from the test circuit 

the arithmetic circuit which reduces the input value to the with an input pattern. 

half and connecting them as shown in FIG. 8, similar effects The signal generator 1, adder 2, complement generator 10 

are also obtained. 35 and expectation value comparator 4 are built in a semicon- 

According to this construction, as shown in jpIG. 8,1 a ductor device such as an LSI as components of a test circuit 

circuit comprises: the multiplier 7 which multiplies ths system. The signal generator 1 may be prepared outside of 

si gnal value of the signal generator 1 either built in a the semiconductor device, 

semico nductor device o r prepared outside of the semioon- Th e adder 2 is constructed as a functional element in a 

ductor device by a signal value "2"; the arithmetic circuit 9 40 semiconductor device such as a LSI and connected to the 

which receives an arithmetic operation result 2A of the s i gna i generator 1. The adder 2 is an object to be tested, 

multiplier 7 anj reduces the input value to the half io obtain The lioQ of me second embodiment will now be 

an arithmetic operation result which is fundamentally equal described 

to the signal value A of the signal generator 1; and the « * 

expectation value .comparator 4 w hich derives the test r esult 45 . P aUern 15 8«™ratcd ^ thc signal generator 1. An 

by c omparing the cal value A for comparison that is a 'n in P ul P at , le T A and a ^P^ment -A on the input pattern A 

aritTmTetic calculation^ result of the arithmetic circuit 9 with are SU PP ied t0 termina1 ^ ° f the add ^f » that an out P ut of 

the test signal-v alue A t hat is a signal value of the sig^nlT zero 15 alwa * s out P ulled from lhe adder 2 * 

generaxor 1. A test is carried out to see whether or not the adder as a 

Further, similar effects are obtained by a construction in 50 com P oneat of the tesl circuil operates normal by checking 

which the divider and the arithmetic circuit which reduces lhal lhe value outputted is always zero, 

the input value to the half are combined and connected as According to the construction, as shown in FIG. 5, a 

shown in FIG. 9. circuil comprises: the complement generator 10 which 

According to this construction, as shown in FIG. 9, a receives a signal value A of the signal generator 1 which is 
circuit comprises: the divider 8 which divides the signal 55 either built in a semiconductor device or prepared outside of 
value A of the signal generator 1 built in a semiconductor lne semiconductor device and outputs the complement -A 
device or prepared outside of the semiconductor device by 00 tnc m P ul value; and the adder 2 which adds the signal 
a signal value "VS"; the arithmetic circuit 9 which receives an valuc A of thc si S nal generator 1 and the output value -A of 
arithmetic operation result 2A of the divider 8 and reduces lne complement generator 10 to derive the arithmetic opera- 
trie input value to the half to obtain an arithmetic operation 60 lion rcs uU which is fundamentally zero. By checking 
result A which is fundamentally equal to a signal value A of whether the calculation result is zero or not, the test result is 
the signal generator 1; and the expectation value comparator obtained. 

4 which derives the test result by comparing the signal value With the construction, also in the case where the circuit 

A for comparison that is an arithmetic operation result of the has therein only the adder, a test can be conducted without 

arithmetic circuit 9 with the test signal value A lhal is a 65 scanning the circuil. Further, since circuits necessary for a 

signal value of the signal generator 1, thereby deriving a lest lest circuit are only the signal generator and the complement 

result. generator, the chip area can be reduced more and the 
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operation speed can be increased as compared with the case Patterns A and B are supplied from the signal generator 1 

of scanning the circuit. to input terminals of the adder 2. A value A+B is outputted 

Furthermore, since it is sufficient to monitor whether the from the adder 2. 

value outputted is always zero or not, preparation of expec- The output is then supplied to the subtracter 3. At the same 

tation values by a computer for the analysis of the test result 5 tj mCj the pattern B delayed by an amount corresponding to 

is not required. Therefore, the efforts are accordingly the number of stages of the pipeline of the adder 2 by the 

reduced and an advantage such that a device which stores the shift register 11 is supplied to the subtracter 3, and the value 

expectation values becomes unnecessary. A is outputted from the subtracter 3. 

Specifically, with the simple circuit construction and The output is compared with the output A which is 
simple operation of allowing the operational element 2 to 30 generated by the signal generator 1 and delayed by the 
perform an arithmetic operation of which result becomes amount corresponding to the number of stages of the pipe- 
fundamentally zero by the test signal of the signal generator ii ne of the adder 2 and the subtracter 3 by the shift register 
1 and checking whether the arithmetic operation result is 12. By checking whether or not the outputs coincide with 
zero or not, an accurate test result can be obtained relatively each other, a test to see whether the adder 2 and the 
easily without needing a special circuit construction and a 15 subtracter 3 as components of the test circuit operate normal 
special operation. is carried out. 

Similar effects are also obtained by the construction of With the construction, even when the adder and subtracter 

FIG. 7 in which the adder in the test circuit shown in FIG. have the pipeline construction, effects similar to those of the 

5 is replaced with the subtracter, and the complement f irs t embodiment are obtained. 

generator is removed. 20 £ffects simiIaf tQ (hose of lhe fifSt and em5odi . 

According to this construction, as shown in FIG. 7, a meots m ^ obtained when each of the operational 

circuit comprises the subtracter 3 which executes subtraction elements has a pipeline structure in each of the circuits 

between the signal value A of the signal generator 1 which according to the first and second embodiments, 

is either built in a semiconductor device or prepared outside ^ described abovCf according t0 the embodiments of the 

of the semiconductor device and the same signal value A so - invenliori) 5 forming lhe BIST circuil 5 limitin the 

that the arithmetic operation result is fundamentally equal to drcujts tQ be tesled {Q arilnmelic unils (adderj subtracter) 

zero. By checking whether the anthmetic operation result is muhipUer divider> increme nter, decrementer, and the like), 

zero or not, the test result is derived. a (est can be cm{&d Qm My ^ cifcuit 

In second embodiment according to the invention as 3Q { qq] ^ lalioQ value comparatori lhe 

described above, the operational elements such as the adder drcuit whjch reduces an . lQ lhe ^ and ^ m 

2, subtracter 3, and the like are allowed to perform an generator, the BIST circuit formed according to the inven- 

anthmetic operation of which result is inherently equal to (ion can ^ formed ^^fog lhe ei ements . It is 

zero, and a test result is obtained by checking whether the ^ {Q ^ (hc lcmcm to tQe circuit 

arithmetic operation result is zero. Similar effects are also 35 which reduces an input t0 thc half> and the expectatioil value 

obtained by allowing an anthmetic operation whose result ator l0 (ne BIST circuit formed b m scanni lhe 

becomes a predetermined value such as 1 which is easily aboye Siflce (h caQ be ^ a 

determined to be performed, and deriving a test result by . .„ t . t . c „ . . 

*, . , . • , circuit, there are the following advantages. 

checking whether the arithmetic operation result is 1 or not. , x » , . . , , , 

■ i i . i_ (1) Efforts of designing can be reduced. 

The construction comprises operational elements such as v ' ° ° 

the adder 2 and the subtracter 3 to be tested. A test is carried ( 2 > Increase in chip area can be suppressed. 

out by applying a predetermined test signal to the opera- ( 3 ) Reduction in operational speed can be suppressed. 

tional elements. In the circuit, the operational elements are (4) Since the expectation value is generated within lhe 

allowed to execute the arithmetic operation of which result circuit, an element such as a memory which stores the 

is fundamentally equal to a predetermined value such as 1, 45 expectation value is unnecessary. 

and a test result is obtained by checking whether the Each of the components in the embodiments of the 

arithmetic operation result is the predetermined value such invention can be realized by a specific construction as 

as 1. follows. 

FIG. 11 is a circuit diagram showing the construction (1) The complement generator 10 can be realized by a 

according to a third embodiment of the invention. 50 circuit obtained by preparing inverters (each of which 

According to the construction shown in FIG. 5, a circuit is an element which inverts an input and is usually 

comprises: the signal generator 1 which generates a pattern made by two MOS transistors) of the number equal to 

supplied to a test circuit; the adder 2 and the subtracter 3 the number of bits. 

(each has a pipeline structure) as components of the test (2) The arithmetic circuit 9 which reduces an input value 

circuit; the comparator 4 which compares an output of the 55 to the half is realized by an arithmetic circuit which 

test circuit with the input pattern; shift registers 11 of the shifts an input to a lower-order position by one bit. 

number corresponding to the number of stages of the pipe- (3) The expectation value comparator 4 is realized by a 

line of the adder 2; and shift registers 12 of the number circuit in which exclusive OR (XOR) gates of the 

corresponding to the sum of the numbers of pipelines of the number equal to the number of bits are prepared, 

adder 2 and that of the subtracter 3. 60 According to one aspect of this invention, the built-in 

The signal generator 1, adder 2, subtracter 3, expectation self-test circuit comprises: the signal generator which is 

value comparator 4, and shift registers 11 and 12 are built in either built in a semiconductor device or prepared outside of 

a semiconductor device such as an LSI as components of a the semiconductor device; and the operational element to be 

test circuit system. The signal generator 1 may be prepared tested in the semiconductor device. In the circuit, the opera- 

outside of the semiconductor device. 65 tional element is allowed to perform an arithmetic operation 

1 ne operation of the third embodiment will now be by a test signal generated by the signal generator to obtain 

described. a signal value for comparison which is fundamentally equal 
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to the test signal value of the signal generator, and a test construction on the basis of a predetermined arithmetic 

result is obtained by comparing the test signal value and the operation performed by the operational elements built in the 

signal value for comparison. Therefore, the built-in self-test semiconductor device can be obtained, 

circuit capable of relatively easily carrying out a self test Further, the built-in self-test circuit comprises: the signal 

with a simple circuit construction on the basis of a prede- 5 generator which generates a signal having a predetermined 

termined arithmetic operation performed by the operational signal value; the incrementer which increments the signal 

element built in the semiconductor device can be obtained. value generated from the signal generator; the decrementer 

According to another aspect of the invention, the built-in which decrements an output value of the incrementer; and 

self-test circuit comprises: the signal generator which is the comparator which derives a test result by comparing an 

either built in a semiconductor device or prepared outside of 10 output value of the decrementer with a signal value of the 

the semiconductor device; and two or more operational signal generator. Therefore, the built-in self-test circuit 

elements including an adder and a subtracter to be tested in capable of relatively easily carrying out a self test with a 

the semiconductor device, and carries out a lest by applying simple circuit coastruction on the basis of a predetermined 

a predetermined lest signal to the operational elements. In arithmetic operation performed by the operational elements 

the circuit, the operational elements are allowed to perform is built in the semiconductor device can be obtained, 

arithmetic operations to obtain a signal value for comparison Further, the built-in self-test circuit comprises: the signal 

which is fundamentally equal to the test signal value, and a generator which generates a. signal having a predetermined 

test result is obtained by comparing the test signal value with signal value; the decrementer which decrements a signal 

the signal value for comparison. Therefore, the built-in value generated from the signal generator; the incrementer 

self-test circuit capable of relatively easily carrying out a 20 which increments an output value of the decrementer; and 

self test with a simple circuit construction on the basis of a the comparator which derives a test result by comparing an 

predetermined arithmetic operation performed by the opera- output value of the incrementer with a signal value of the 

tional elements built in the semiconductor device can be signal generator. Therefore, the built-in self-test circuit 

obtained. capable of relatively easily carrying out a self test with a 

Further, the built-in self-test circuit comprises: Ihe signal 25 simple circuit construction on the basis of a predetermined 

generator which generates a signal having Grst and second arithmetic operation performed by the operational elements 

signal values; the adder which adds the first and second built in the semiconductor device can be obtained, 

signal values generated from the signal generator; the sub- According to still another aspect of the invention, the 

trader which subtracts the second signal value of the signal built-in self-test circuit comprises: the signal generator 

generator from the arithmetic operation result of the adder; 30 which is either built in a semiconductor device or prepared 

and the comparator which derives a test result by comparing outside of the semiconductor device; and two or more 

the arithmetic operation result of the subtracter with the first operational elements including a multiplier and a divider in 

signal value of the signal generator. Therefore, the built-in the semiconductor device, and carries out a test by applying 

self-test circuit capable of relatively easily carrying out a a predetermined test signal to the operational elements. In 

self test with a simple circuit construction on the basis of a. 35 the circuit, the operational elements are allowed to perform 

predetermined arithmetic operation performed by the opera- arithmetic operations to obtain an arithmetic operation result 

tional elements built in the semiconductor device can be which is fundamentally equal to the test signal value, and a 

obtained. test result is obtained by comparing the test signal value with 

Further, the built-in self-test circuit comprises: the signal the arithmetic operation result. Therefore, the built-in self- 
generator which generates a signal having first and second 40 test circuit capable of relatively easily carrying out a self test 
signal values; the subtracter which subtracts one of the first with a simple circuit construction on the basis of a prede- 
and second signal values generated from the signal generator termined arithmetic operation performed by the operational 
from the other value; the adder which adds the arithmetic elements built in the semiconductor device can be obtained, 
operation result of the subtracter and the other one of the first Further, the built-in self-test circuit comprises: the signal 
and second signal values from the signal generator; and the 45 generator which generates a signal having first and second 
comparator which derives a lest result by comparing the signal values; the multiplier which multiplies the first and 
arithmetic operation result of the adder with one of the first second signal values generated from the signal generator by 
and second signal values of the signal generator. Therefore, each other; the divider which divides the arithmetic opera- 
the built-in self-test circuit capable of relatively easily tion result of the multiplier by one of the first and second 
carrying out a self test with a simple circuit construction on 50 signal values of the signal generator; and the comparator 
the basis of a predetermined arithmetic operation performed which derives a test result by comparing the arithmetic 
by the operational elements built in the semiconductor operation result of the divider with the other one of the first 
device can be obtained. and second signal values of the signal generator. Therefore, 

According to still another aspect of the invention, the the built-in self-test circuit capable of relatively easily 

built-in self-test circuit comprises: the signal generator 55 carrying out a self test with a simple circuit construction on 

which is either built in a semiconductor device or prepared the basis of a predetermined arithmetic operation performed 

outside of the semiconductor device; and two or more by the operational elements built in the semiconductor 

operational elements including an incrementer and a decre- device can be obtained. 

mcnter to be tested in the semiconductor device, and carries Further, the built-in self -lest circuit comprises: the signal 

out a lest by applying a predetermined test signal to the 60 generator which generates a signal having first and second 

operational elements. In the circuit, the operational elements signal values; the divider which divides one of the first and 

are allowed to perform arithmetic operations to obtain an second signal values generated from the signal generator by 

arithmetic operation result which is fundamentally equal to the other one; the multiplier which multiplies the arithmetic 

the test signal value, and a test result is obtained by operation result of the divider by the other one of the first 

comparing the test signal value with the arithmetic operation 65 and second signal values of the signal generator; and the 

result. Therefore, the built-in self-test circuit capable of comparator which derives a test result by comparing the 

relatively easily carrying out a self lest with a simple circuit arithmetic operation result of the multiplier with one of the 
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first and second signal values of the signal generator. 
Therefore, the built-in self-test circuit capable of relatively 
easily carrying out a self test with a simple circuit construc- 
tion on the basis of a predetermined arithmetic operation 
performed by the operational elements built in the semicon- 5 
duclor device can be obtained. 

Further, the built-in self-test circuit comprises: the adder 
which adds the same signal value as a predetermined signal 
value to the predetermined signal value; and the arithmetic 
circuit which reduces an input value to the half. In the 10 
circuit, the adder and the arithmetic circuit are allowed to 
perform arithmetic operations of which result is fundamen- 
tally equal to the signal value, and the test result is obtained 
by comparing the arithmetic operation result with the signal 
value. Therefore, the built-in self-test circuit capable of 15 
relatively easily carrying out a self test with a simple circuit 
construction on the basis of a predetermined arithmetic 
operation performed by the operational elements built in the 
semiconductor device can be obtained. 

Further, the built-in self-test circuit comprises: the adder 20 
which adds the same signal value as a signal value of a signal 
generator to the signal value; the arithmetic circuit which 
receives the arithmetic operation result of the adder and 
reduces the input value to the half to obtain an arithmetic 
operation result fundamentally equal to the signal value of 25 
the signal generator; and a test result is obtained by com- 
paring the arithmetic operation result of the arithmetic 
circuit with the signal value of the signal generator. 
Therefore, the built-in self-test circuit capable of relatively 
easily carrying out a self test with a simple circuit construe- 30 
tion on the basis of a predetermined arithmetic operation 
performed by the operational elements built in the semicon- 
ductor device can be obtained. 

Further, the built-in self-test circuit comprises: the arith- 
metic circuit which receives a signal from a signal generator 35 
and reducing the input value to the half; the adder which 
adds the same signal value as an output value of the 
arithmetic circuit to the output value and obtains an arith- 
metic operation result which is fundamentally equal to the 
signal value of the signal generator; and a test result is 40 
obtained by comparing the arithmetic operation result of the 
adder with the signal value of the signal generator. 
Therefore, the built-in self-test circuit capable of relatively 
easily carrying out a self test with a simple circuit construc- 
tion on the basis of a predetermined arithmetic operation 45 
performed by the operational elements built in the semicon- 
ductor device can be obtained. 

Further, the built-in self-test circuit comprises: the 
complement generator which receives a signal value of the 
signal generator and outputs a complement on the input 50 
value; the subtracter which performs subtraction between 
the signal value of the signal generator and the output value 
of the complement generator; the arithmetic circuit which 
receives an arithmetic operation result of the subtracter and 
reduces the input value to the half to obtain an arithmetic 55 
operation result which is fundamentally equal to the signal 
value of the signal generator; and the comparator which 
derives a test result by comparing the arithmetic operation 
result of the arithmetic circuit with the signal value of the 
signal generator. Therefore, the built-in self-test circuit 60 
capable of relatively easily carrying out a self test with a 
simple circuit construction on the basis of a predetermined 
arithmetic operation performed by the operational elements 
built in the semiconductor device can be obtained. 

Further, the built-in self-test circuit comprises: the mul- 65 
liplier which multiplies a signal value of the signal generator 
by a signal value "2"; the arithmetic circuit which receives 
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an arithmetic operation result of the multiplier and reduces 
the input value to the half to obtain an arithmetic operation 
result which is fundamentally equal to the signal value of the 
signal generator; and the comparator which derives a test 
result by comparing the arithmetic operation result of the 
arithmetic circuit with the signal value of the signal genera- 
tor. Therefore, the built-in self -test circuit capable of rela- 
tively easily carrying out a self test with a simple circuit 
construction on the basis of a predetermined arithmetic 
operation performed by the operational elements built in the 
semiconductor device can be obtained. 

Further, the built-in self-test circuit comprises: the divider 
which divides a signal value of the signal generator by a 
signal value "V4"; the arithmetic circuit which receives an 
arithmetic operation result of the divider and reduces the 
input value to the half to obtain an arithmetic operation 
result which is fundamentally equal to the signal value of the 
signal generator; and the comparator which derives a test 
result by comparing the arithmetic operation result of the 
arithmetic circuit with the signal value of the signal genera- 
tor. Therefore, the built-in self-test circuit capable of rela- 
tively easily carrying out a self test with a simple circuit 
construction on the basis of a predetermined arithmetic 
operation performed by the operational elements built in the 
semiconductor device can be obtained. 

Further, the built-in self-test circuit comprises: the signal 
generator which generates a signal having first and second 
signal values; the adder which adds the first and second 
signal values generated from the signal generator; the 
complement generator which receives the second signal 
value of the signal generator and outputs a complement on 
the input value; the subtracter which subtracts the output 
value of the complement generator from the arithmetic 
operation result of the adder to obtain an arithmetic opera- 
tion result which is fundamentally equal to the first signal 
value of the signal generator; and the comparator which 
derives a test result by comparing the arithmetic operation 
result of the subtracter with the first signal value of the signal 
generator. Consequently, the built-in self- test circuit capable 
of relatively easily carrying out a self lest with a simple 
circuit construction on the basis of a predetermined arith- 
metic operation performed by the operational elements built 
in the semiconductor device can be obtained. 

According to still another aspect of the invention, the 
built-in self-test circuit comprises: the signal generator 
which is either built in a semiconductor device or prepared 
outside of the semiconductor device; and the operational 
element to be tested in the semiconductor device, and carries 
out a test by applying a predetermined test signal to the 
operational element. In the circuit, the operational element is 
allowed to perform an arithmetic operation of which result 
is fundamentally equal to a predetermined value, and a test 
result is obtained by checking whether the arithmetic opera- 
tion result is a predetermined value or not. Therefore, the 
built-in self -test circuit capable of relatively easily carrying 
out a self test with a simple circuit construction on the basis 
of a predetermined arithmetic operation performed by the 
operational element built in the semiconductor device can be 
obtained. 

According to still another aspect of the invention, the 
built-in self-test circuit comprises: the signal generator 
which is either built in a semiconductor device or prepared 
outside of the semiconductor device; and the operational 
element to be tested in the semiconductor device, and carries 
out a test by applying a predetermined test signal to the 
operational element. In the circuit, the operational element is 
allowed to perform an arithmetic operation of which result 
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is fundamentally zero, and a test result is obtained by According to still another aspect of the invention, there is 
checking whether the arithmetic operation result is zero or provided a test method which carries out a test by applying 
not. Therefore, the built-in self-test circuit capable of rela- a predetermined test signal generated from a signal genera - 
tively easily carrying out a self test with a simple circuit lor which is either built in a semiconductor device or 
construction on the basis of a predetermined arithmetic 5 prepared outside of the semiconductor device to an opera- 
operation performed by the operational element built in the lional e i cm ent in the semiconductor device. The operational 
semiconductor device can be obtained. element is allowed to perform an arithmetic operation of 
Further, the built-in self-test circuit comprises: the which rcsuil is fuDdamemal!y equa , l0 zer0j Md a test result 
complement generator which receives a signal value of the ^ obuined b chtckiDg whelher the arithmetic operation 
signal generator and outputs a complement on the input 1Q resuh ^ zero Qr qq{ lhe tesl method ^ the 
value; and the adder which adds the signal value of the . ... . If t t . , , \ . . . .. & . 
signal generator and an output value of the complement buil! ' in ^^est circuit capable of relatively easily carrying 
generator and performs an arithmetic operation of which °f a * lf , lesl Wlth » sim P Ie circuit construction on the basis 
fesult is fundamentally zero. In the circuit, a test result is of a Predetermined arithmetic operation performed by the 
obtained by checking whether the arithmetic operation result operational element built in the semiconductor device can be 
is zero or not. Therefore, the built-in self-test circuit capable 15 achieved. 

of relatively easily carrying out a self test with a simple According to still another aspect of the invention, there is 

circuit construction on the basis of a predetermined arilh- provided a test method which carries out a test by applying 

metic operation performed by the operational element built a predetermined test signal generated from a signal genera- 

in the semiconductor device can be obtained. tor built in a semiconductor device to an operational element 

Further, the built-in self-test circuit comprises: the sub- 20 of the semiconductor device. The operational element is 

trader which subtracts the same signal value as a signal allowed to perform an arithmetic operation of which result 

value of the signal generator from the signal value of the is fundamentally equal to "1", and a test result is obtained by 

signal generator so that an arithmetic operation result is checking whether the arithmetic operation result is "1" or 

fundamentally zero. In the circuit, a test result is obtained by not. Therefore, the test method using the built-in self-test 

checking whether the arithmetic operation result is zero or 25 circuit capable of relatively easily carrying out a self test 

not. Therefore, the built-in self-test circuit capable of rela- with a simple circuit construction on the basis of a prede- 

tively easily carrying out a self test with a simple circuit termined arithmetic operation performed by the operational 

construction on the basis of a predetermined arithmetic element built in the semiconductor device can be achieved, 

operation performed by the operational element built in the Although the invention has been described with respect to 

semiconductor device can be obtained. 30 a specific embodiment for a complete and clear disclosure, 

According to still another aspect of the invention, the the appended claims are not to be thus limited but are to be 

built-in self-test circuit comprises the operational element to construed as embodying all modifications and alternative 

be tested and carries out a test by applying a predetermined constructions that may occur to one skilled in the art which 

test signal to the operational element. In the circuit, the fairly fall within the basic teaching herein set forth, 

operational element is allowed to perform an arithmetic 35 What is claimed is: 

operation of which result is fundamentally equal to "1", and 1. A semiconductor apparatus comprising: 

a test result is obtained by checking whether the arithmetic an arithmetic circuit including a plurality of operational 

operation result is "1" or not. Therefore, the built-in self-test elements, receiving a test signal having a test signal 

circuit capable of relatively easily carrying out a self tesl value, and outputting, in response to the test signal, an 

with a simple circuit construction on the basis of a prede- 40 output signal having an output signal value, wherein 

termined arithmetic operation performed by the operational the plurality of operational elements are connected to 

element built in the semiconductor device can be obtained. perform arithmetic operations on the test signal value 

Further, in the built-in self-test circuit, two or more thai result in a result value equal to the test signal 

operational elements have a pipeline construction and shift value, and 

registers of the number corresponding to the number of 45 the result value is output as the output signal value; and 

stages of the pipeline are provided. Therefore, also in the a corn p ar ator comparing the lest signal to the output 

case of adopting the pipeline construction, the built-in signal) wherein> when lhe arithmetic circuit is tested 

self-test circuit capable of relatively easily carrying out a using the lesl signa , and) if the operational elements are 

self test with a simple circuit construction on the basis of a not defeclive) the oulput signal is equivalent to the test 

predetermined arithmetic operation performed by the opera- 50 signal. 

tional elements built in the semiconductor device can be 2 ^ scm i conducl or apparatus according to claim 1, 

obtained. wherein 

According to still another aspect of the invention, there is Qne of ^ ^ of ional elements ^ m add 

provided the tesl method which carries out a tesl by applying aQC | 

a predetermined test signal generated from a signal genera- 55 ... 

tor which is either built in a semiconductor device or oneof the plurahtyofoperational elements is a subtracter. 

prepared outside of lhe semiconductor device to an opera- 3 - ?* semrconductor apparatus according to claim 1, 

tional element in the semiconductor device. Two or more wncrein 

operational elements are allowed to perform an arithmetic one of lhe plu«lUy of operational elements is an 

operation of which result is fundamentally equal to the test 60 incremenler, and 

signal value, and a test result is obtained by comparing the one of the plurality of operational elements is a decre- 

test signal value with the arithmetic operation result. menter. 

Therefore, the test method using the built-in self-test circuit 4. The semiconductor apparatus according to claim 1, 

capable of relatively easily carrying out a self test with a wherein 

simple circuit construction on the basis of a predetermined 65 one of the plurality of operational elements is a multiplier, 

arithmetic operation performed by the operational elements and 

built in the semiconductor device can be achieved. one of the plurality of operational elements is a divider. 
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5. The semiconductor apparatus according to claim 1, 
wherein 

one of the plurality of operational elements is an adder, 
and 

one of the plurality of operational elements is an arith- 
metic element that reduces a value represented by a 
signal that the arithmetic element receives to half. 

6. The semiconductor apparatus according to claim 1, 
wherein 

one of the plurality of operational elements is a comple- 
ment generator that outputs a signal representing a 
complement of a value represented by a signal that the 
complement generator receives, 

one of the plurality of operational elements is a subtracter, 
and 

one of the plurality of operational elements is an arith- 
metic element that reduces a value represented by a 
signal that the arithmetic element receives to half. 

7. The semiconductor apparatus according to claim 1, 
wherein 

one of the plurality of operational elements is a multiplier 
that multiplies a value represented by a signal the 
multiplier receives by a value of two, and 

one of the plurality of operational elements is an arith- 
metic element that reduces a value represented by a 
signal the arithmetic element receives to half. 

8. The semiconductor apparatus according to claim 1, 
wherein 

one of the plurality of operational elements is a divider 
that divides a value represented by a signal the divider 
receives by a value of one half, and 

one of the plurality of operational elements is an arith- 
metic element that reduces a value represented by a 
signal the arithmetic element receives to half. 

9. The semiconductor apparatus according to claim 1, 
wherein 

one of the plurality of operational elements is an adder, 
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one of the plurality of operational elements is a subtracter, 
and 

one of the plurality of operational elements is a comple- 
ment generator that outputs a signal representing a 
complement of a value represented by a signal that the 
complement generator receives. 

10. The semiconductor apparatus according to claim 1, 
wherein 

one of the plurality of operational elements is an adder, 
one of the plurality of operational elements is a subtracter, 
one of the plurality of operational elements is a first shift 
register, and 

one of the plurality of operational element is a second 
shift register. 

11. A semiconductor apparatus comprising an arithmetic 
circuit including at least one operational element, receiving 
a test signal having a test signal value, and outputting, in 
response to the test signal, an output signal having an output 

20 signal value, wherein 

the at least one operational element performs arithmetic 
operations on the test signal value that result in a result 
value equal to zero, the result value being output as the 
output signal value, and, 

when the arithmetic circuit is tested using the test signal, 
if the arithmetic circuit is not defective, the arithmetic 
circuit outputs, as the output signal, an output signal 
value of zero. 

30 12. The semiconductor apparatus according to claim 11, 
wherein at least one operational element includes 

a complement generator that outputs a signal representing 
a complement of a value represented by a signal that the 
complement generator receives, and 
an adder. 

13. The semiconductor apparatus according to claim 11, 
wherein the at least one operational element is a subtracter. 
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